A SR IR Jun. 20, 2024, 51(6): 2170-2181
Microbiology China DOI: 10.13344/j.microbiol.china.230872
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

MRS
— IR FT7K B 3% B R B Y U 8 2 P A S AR

Az, FHEL FHL KA KW, A, AT, RigT

1 U R R 2 A i B 5 TR 2 BEAT 2R OT 5 B, I 4B 621010
2 P ML BHARTTERE, U BHER 610081

X, WL, EH, ARR, SKEW, AMIG, SR, B, BRI AR BT SR AR IR A 0 UL B WA RO 0], R A AR, 2024,
51(6): 2170-2181.

LIU Rui, GUO Qi, CAO Ying, XU Gang, ZHANG Li, SUN Peng, HU Shanglian, ZHAO Bo. A bamboo lignin-degrading strain:
screening and degradation performance[J]. Microbiology China, 2024, 51(6): 2170-2181.

M OB IFFIMNTHGEL TS, WAARRAGEDHRSET R, RAd, #TFHRREELH
HERELRE, BMARERARZAANTH LT X, [B 0] HhitE—FRIrRRE 6 m
HIRALBEEFWARREGEBER. [FE] ARRFHRE—BRIZ RS ITMIG, Kk
. R RLIAARATAN, BN EEBERRELEARTERME S, B, Rt
B s Rt fe X M EITH I F BT HRAB LM TR, [LR] MAART Hik Bk
—tréaE XKG6, # £ B2 E (Pseudomonas oleovorans). & #k XKG6 &b 6958 . AR & it
FMuth B, 4R B BE. RARBEF R FEAEBEZ MR Z 454 1543.21. 6229.32. 826.41. 2602.1
Fa 1 889.25 U/L. B #h XKG6 &AM & 7d Ja 9 FEMEE A 14.04%. 8344 2 ot 2 4 21 9] ki Am
PREREEAN AR EZZBAM XKG6 R B4 MAN R TN, [£8] ARG EKFT —HE
HEBRRARAEMREN DT, ZAREERIAREFIBTREG TR TG R, HAT%ETR
Foty Tk FIRART A AR R
KB AR E; md; MANER, ik

W E . B K E AR A 82021 YED2200504 1, 2021YFD2200505 2); PO “+ DU R AEY & & & & MhBse %)
(2021YFYZ0006)

This work was supported by the National Key Research and Development Program of China (2021YFD2200504 1,
2021YFD2200505_2), and the Key Projects of Crop and Livestock Breeding of Sichuan Province During the Fourteenth
Five-year Plan Period (2021 YFYZ0006).

*Corresponding authors. E-mail: HU Shanglian, hushanglian@swust.edu.cn; ZHAO Bo, bozhao@swust.edu.cn

Received: 2023-10-23; Accepted: 2024-01-05; Published online: 2024-03-07



X F | —HRMT KRR EEREE R 6k K PEBER 2171

A bamboo lignin-degrading strain: screening and degradation
performance

LIU Rui', GUO Qi', CAO Ying', XU Gang', ZHANG Li?, SUN Peng’, HU Shanglian"’,
ZHAO Bo™!

1 Bamboo Research Institute, School of Life Science and Engineering, Southwest University of Science and
Technology, Mianyang 621010, Sichuan, China
2 Sichuan Academy of Forestry, Chengdu 610081, Sichuan, China

Abstract: [Background] Bamboo is considered an excellent source for biorefining for its high
cellulose content. However, the complex interactions between lignin and cellulose present an
obstacle to the efficient utilization of bamboo. The process of lignin degradation is essential for
the efficient utilization of bamboo. [Objective] To screen out the strains that specialize in
degrading bamboo lignin and investigate their enzyme activities and effects of lignin degradation.
[Methods] A culture medium with lignin as the solo carbon source was used for the primary
screening, which was followed by the secondary screening with the media containing aniline blue
and Congo red. The activities of enzymes were measured to assess the lignocellulose degradation
performance. X-ray diffraction, Fourier-transform infrared spectroscopy, and scanning electron
microscopy were employed to study the changes of bamboo appearance and structure after
degradation. [Results] A strain XKG6 capable of degrading lignin was isolated from the bamboo
forest and identified as Pseudomonas oleovorans. The maximum activities of lactase, lignin
peroxidase, manganese peroxidase, filter paper enzyme, and xylanase secreted by the strain reached
1 543.21, 6 229.32, 826.41, 2 602.1, and 1 889.25 U/L, respectively. The strain showed a
degradation rate of 14.04% against alkaline lignin on day 7. Fourier transform infrared spectroscopy
and scanning electron microscopy showed the significant structural changes in bamboo lignin after
treatment with XKG6. [Conclusion] In this study, a bacterial strain with the ability to degrade
lignin was screened out. This strain retained much cellulose while degrading bamboo lignin,
serving as an alternative strain for the industrial production of lignocellulosic resources.
Keywords: bamboo lignin; bacteria; microbial degradation; screening

BEE TE RN O R MBEIR TR AW FRAGAE SRR AR, &N RS

m, KA R R AT, SR
T AR | K {5 YA — R A E A R ]
W, DAL, AT A A o BT RO R LR
R sk e Re IR A% o oit . SE s A MR
(03 A T UK A W e A O R R L S A A f
(ARt Ak ah A AR o A
BT RTINS, AT R AR A
& RO AR P M T A, T

BRI, SRR EE A TR TR
7 B AN BE v 2T 4k R 2 17 38%—50%, 2 4k
205 23%-32%, KRR 15%-25%, H
TS G R LR AL A=)
RERR IR, 2 2k 2R 2l gt 7= A 1) 4 7 W T LA
LA W R B A R A R A A2 5B 1
wn, AR R A 2R . BRI LT 4E E L
5, HgER WA YRR SO T RR
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TR LSO RRTR . fb il 25, i R 4R T
A B, FRELREAC T R sk, AT
FIEACA] T K B AR TR BRAR , T84 72
K EEA T A4 b A S A 5 B2, T
B 5% . MRS, R R 544 R B4
G, AR FEF 4L 22 R AR IS R RIE
TELAA G 2 R OB Tl A= e, K4
T R IR A A T 2R AT RE R AR )
qn, AR TR AR R B S AL PR AT RE H
ERRECRH P ROR R, AR B AR TR &
RO 5 S AF e F R aL R, IR
{14 88 A 2 A 3O PR & 4 38 B R 1 e e 2 1P 1
KRR PGS A5 F IR G, i
MELLBE R B RN BRI R LG A
o it v R S ) B PR B AL B . A LI R Ak B
GA2Evk, XTI B T RERE R . R
TR A HA TS Y asg Y MR TR, 1
Sk, WL R BT R B REREAR . SO gk
ERIERINEROEZN: oy UL e T = P/
T FLR . AN R R S A YRR S 5K
JT R R, e o R B R o R A
ok A e Y e
(manganese peroxidase, MnP) | %[ (laccase, Lac) .
Z I1fe i EAL Y B (versatile peroxidase, VP)5%
BARRR G IE R R AR A H T R
AFERD, EEAHES, BEREEHARE
AR AIF AR T HL R 3z U, SR i T 1Y
A AN A5G AR AR BUR, ANTE T AR
BTk SEEAHE, 4w A HR A pH
fif 2Pk, AR R E N ENT, AN, TR T
FE PR TR A I N 5 T RN, DR R R A
AT A6 7 A B 3R e AR ) o B U Y Tk A - v B
IR, 0 Luo FEMMER T K2 KT
EFBFRERAT AR RMNEE 1. K, HRTE
W AP OC T — BEARAT 1 AR BT 2% 1 48 T 41 i AR

(lignin peroxidase, LiP) .

A ERRRIRAT IR E AT R A Wy IR B g
Z LT T AR B R Rk, BUHAZ R T 14Xt
MR R BT 2R B A A R B A o B S

AT B FE AT R A i 1 43 B8 R BT R R
i e 7 o H 27 4 = PR g re 0 B ss i an i, ik
Ha R R M, e AR R N . 184G
(filter paper activity, FPA)FIA FE B (xylanase,
Xyhry s, IfF i — 258 B bR R B AT R
FRPEAR BT R RCR . W4 R B Tl A4
FEAR A — 2 B e A S AT B AT R

1 MR5r%

1.1 #8
1.1.1 &,

K BV )IAE 28 BT 01 SER B G B 98 EAT
F(104.433 928°E, 31.745 489°N)F1PU 1|44 4 B T
T 3k X VY e 4 R S 4 e 77 AR (104.695 361°E,
31.535 004°N), RAES RNy 23 °C, REHE
AT R i 4, HTOK G Bl S50 5 =5 kA 7
TR R 1) 0 85 9 2
1.1.2 EFE

LB ;353 (g/L): &1 10.0, NaCl 10.0,
WERERELY) 5.0, pH AR,

W 3 A (g/L): NaCl 0.5, MgS04 0.5,
K HPO4 1.0, (NH,),S042.0, BEAFZ 5.0, pH
H&

Ty 4 BE A A W TN V7 1% 3% 3 (potato  dextrose
broth, PDB)}5 323 (g/L): S Y 4.0, 4
ZjfE 20.0, pH A,

F RS SR  7E PDB B3 PN A 0.1 g/L
AW w YR, pH AR,

R W 3L 4 48 K 44 (carboxymethylcellulose
sodium, CMC-Na)}5##3(g/L): CMC-Na 15.0, £
F1li% 2.0, BERHZEEMW) 1.0, NaCl 1.0, K,;HPO, 1.0,
MgSO,-7H,0 0.2, pH H %A DI L ARSI N
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A 20.0 BE .

WA P2 1S 37 L (g/L) : NaNO; 2.5, KH,PO,
1.0, K,HPO, 1.0, MgSO,-7H,0 1.0, NaCl 1.0,
CaCl, 0.5, (NH4),S04 2.0, CuSO,:5H,0 0.15,
FeSO,4-7H,0 0.05, 7785 20.0, pH HX.

B T 2R PR R R 2 (g/L) . IR K 3.0,
K,HPO, 1.0, KH,PO, 1.0, MgSO,:7H,0 0.5,
CaCl, 0.1, CuSO,4-5H,0 0.15, FeSO,-7H,0 0.05,
EEME 2.0, pH AR,

Pk e 337 5L (/L) . TEMA )™ B 15 77 4k
H LAl A 50.0 7783 o
1.1.3  FERXFNE

Wi SR o2r f1 3,5- — i Ok B m
(3,5-dinitrosalicylic acid, DNS), [E24%4E#1k2
WAVABRA A R . 2,2- Rz - W (3- 2 2
AT WE W IRk -6- i R ) — % £k [2,2"-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid ammonium
salt), ABTS]. 2,6-— FI SEOR 1y FIAE st | 40 7] ik
K20 DNA 42U &, EWgBTHn T 2B (bR I
WA R H

IR G A, LIRS A AR R A PR A F
AN WA, Bl e AR A PR
al s HEGMREENL, R E A 2L i A R
ONw)y AR LT AMETEAL, PerkinElmer 23
Ay X BRI, BIRSCIAARIA R T
PR EL, Zeiss ] .

12 FH&
1.2.1 KREZEMEBETGL

W RAEBI AT FREGBTRE, IS ¢ BT
%A 100 mL JCE/KIHEEIEH? , 30 °C. 160 r/min
PR e 4 2h, EETMGHE 30 min, F/5 A
AR AT 1072, 107, 107*, 107,
1070, 10773X 6 AR EEBA B U Al TR i 45 9 3,
30 °CHi S 48 h, FRHCRLA 515 LB A K:
FRIL R PR TR LR Atk , aifk 3—4 RN R4l R,
TRAFTE 4 °C#5 .

S0 O SR TR R O ) e 4 D 2 R N
W FRILM CMC-Na B3 323, 30 °CHi 5% 2 d,
FE AR B AR 1B 0, CMC-Na 55 FR 3L 855 57
2dJA, A1 mg/mL WAL Y 30 min,
Bifi i 2818 /K 20k, F3 A 1 mol/L NaCl Jiii {4
30 min, XWASERISRZLBEEIEDL . ik Hh R e i R
e, MR LT RE R /N TR R DR A8 o
1.2.2 &%k 16S rRNA EFLE

FAANE RN 4] DNA HEEGRF] & 2 B Ak
FISEZH DNA, FIF 16S rRNA JE K4 i F
5% 27F (5-AGAGTTTGATCCTGGCTCAG-3')
1 1492R (5'-GGTTACCTTGTTACGACTT-3")it
17 PCR 3. PCR JuWiAZ (25 pL): Tag DNA
Master Mix 12.5 uL, b, T#E5I#(10 pmol/L)
% 1puL, DNA itz 1 pL, ddH,0 9.5 uL., PCR J2
W26 : 94°C 3 min; 94°C45s, 58°C45s,
72 °C 2 min, 30 ME¥A; 72 °C 10 min; 4 °Cfx
£ . PCR W) 25 1%35 JE W BRE FEC H Dk A U 5 326 28
BUH IR 15 BB ARG BR A /58 T, irfs v
G 1t GenBank FUdE 4 47 R HLXT, FIH
MEGA 6.0 I R G & F W .
123 HEHREEKEH

W M LB WA S5 30 °C ., 160 r/min
B et TR AL, 5535 2 ODgoo M 0.6 1 RT3

o il AR AT B A I A - ] — B A A D 1
Wk S%AERRFEA LB 555, 1EARIR
JE(10. 15, 20, 25. 30, 35, 40, 45 °C)fks
FEAE 160 r/min K35 24 h, 43 500 5E 454 R
TR AR ODgoo, M AR A5 P M it A6 R U E

HIEAK pH MM . BR]— B A A A+
Wt S% M HE Rl S AANTR] pH 9 LB Ki 553t
A3 PEAT pH R 4.0, 5.0, 6.0, 7.0, 8.0, 9.0,
10.0. 11.0, 7FEfi& AL E S 160 r/min 1)
M EESE 24 b, A0l E B pH A4 T RIRR
Y ODgoo, M\ T A5 21 B Ak fre 1d A= K pH.
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R B SLIG

PFEFD W 5% i i 42 2 WA i
FR3E A 2 d B—YKEE, 8 000 r/min 5.0 15 min,
G W RD A A, HFIUAE MnP . LiP. Lac.
FPA F1 Xyl FEEIE P

Lac, MnP il LiP (936 PE 551 F ABTS 7 .
2,6~ F L IR vk R AL 7 Wk A T 5 RO
Lac g6 X : 1 L @K% 1 min 46 1 pmol IEY)
ABTS i By 1 NS 77 547 ; MnP B#HE
EX: 1 LA 1 min &4k 1 pmol JEEY) 2,6-—
FH SR ) It (O Tl 1 NS 1807 LiP il
WEEX: 1L HWEAF 1 min %4k 1 pmol ZE B
T BTN 1 ANEEE ) SR

FPA 75 M LAUEACH IS, H DNS Ltk
AT, 1 min KA AL 1 pmol 4 J5UA
JITTHFRE A g R 1N B (U)PY, Xyl
FITE PR AR FEBE I, KA DNS ek, %
1 min NZKARAEE 1 pmol AKE BT 11 #E 19 i 1t 2
SCHy 1 AN 1 BAAL(U),
1.2.5 WARRREBRERNNE

FHZEIR/K B — 2k B2 10, 20, 30, 40,
50 mg/L HYBHA BT 2 W, 1 2240 o o g
FE 280 nm A 5 AH X WG BEAE, DA ZR
W RE R AR R, RO A Ry A BR 22 il A o it
2R K TR RR AN TR 5% Fh i AR
WfiBE 3R 3, 30 °C. 160 r/min K535 7 d,
24 h B3R, 8 000 r/min B0 15 min, M b
T E ODago, B 3 UK, ¥ ODoso [HACAFR
HE 2T H R T 2R A
1.2.6 BEHRLGETFRIGERIES

P2 AT, 2 80 H , K Bk P
TFWHE 10% 0 Rl BBz AT RS R B R Sk
DIAFE B (185 72 5 A %5 8], 30 °C. 160 r/min &b
60 d J5 FHZEK eh RS B E AT 60 °C
BT ORAE, F TR HT .
i BL AR 8 21 41 5% 3% (Fourier transform

1.2.4

infrared spectroscopy, FTIR)Z3#T « Bt 5 6947
FyRE b BT H O, SEALELL 1:100 /Y
Fe BB IR 5, BUE SRy R AT IS, TSk
TV J5 BT R AR e LA A R I & L
TG Bl 400-4 000 cm ™', X-SF R AT 5 (X-ray
diffraction, XRD)Zr 7 : KMt T 5 AT R i 45
SIHUEATRIFERE R B 11 b, R R TE R 1 NI
WEIT, RGN RIER R R RIE R, IR
BB AR 2545 8] — PR R R R #E1T XRD
K, 20 FHEEREY 5°-50°, FHHEHEE 2°/min, T
YEHLE 45 kV, TAEHLIE 50 mA. 25 BT
2 Crl(%)=[(Igo2—lamorphous)/lpp2]x100, FH:r Crl
NEE SRR oo METHER S5 Tk (20=22.2°)
(ISR 5 am S JCRE TR X (20=18.0°) 3 i )
F14# B % (scanning electron microscope, SEM)%)
B REBET S BT A A il P - R IR ] 7 AR5
G, HA WG 5 A AT 231
BOWEAT By R M S M OW A2 1k

2 HZRE5OM

21 KREZEEBENTBHAUCSEESER
2.1.1 KEREZMEBRENS S

L SRS AT MR S O A B 48 BRfE
2R W NS P2 S VR (7 7 S| DREP: N i
W RIS £ - Mot (7 S 0 4 e b BB SR
Ji A € P - L ) SR 0 Aol L S T S P TR R
Iyl 4 XKG2., XKG3, XKG6., XKLS.
WIE 1R, B XKG6 17 i 4R € 8 B ok
I R B by, WU R R XKG6 R A T
RIWRE ok, WISRL BB AR /N, 10 BH B ik
XKG6 [T 4 R I RE S 5855
2.1.2 EHk XKG6 fEMEFELER

KR XKG6 19 16S rRNA JEHFHI7E
GenBank BT [E)EE HEXT, 25 BoR S5 &
I B4 it 7 (Pseudomonas ol eovor ans)AH {1 B #4
1t 99%, FIFl MEGA 6.0 Wi R G K B W (A 2),
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El1 Btk XKG6 EFEIEFELMRBREER A KIEMEORE. B: WSRO

Figure 1 Decolorization zone of strain XKG6 on different culture media. A: Aniline blue. B: Congo red.

Pseudomonas oleovorans (NR 114478)
g1 Pseudomonas oleovorans (NR 112065)
Pseudomonas oleovorans (NR 113617)

Pseudomonas oleovorans (NR 037000)
0 Pseudomonas oleovorans (NR 113653)

92 |— Pseudomonas indoloxydans (NR 115922)
Pseudomonas sediminis (NR 178783)

Pseudomonas oleovorans (NR 115874)

74 Pseudomonas alcaliphila (NR 114072)
881 pseudomonas alcaliphila (NR 024734)
XKG6 (PP 218549)

0.001

2 ETE#H XKG6 #J 16S rRNA EEFINMEMNRGELEN #H5F0F 5 HEEN GenBank

BT BR0.001 AURIF IV ZEE ;s 73 30 BB AUERITEE 1000 YORZEH]—E Y JLAR

Figure 2 The phylogenetic tree constructed based on the 16S rRNA gene sequence of the strain XKG6. The serial
number in brackets is the GenBank accession number of the strain, and the value of 0.001 represents the sequence
deviation value. The number at the node means the percentage of occurrence in 1 000 boot-strapped trees.

GRS FNE, VI EEMK XKG6 Nl XKG6 fiEA K pH Ak 5.0-10.0, H pH

1% B4 7 (Pseudomonas ol eovorans) {HR 7.0 BB RRAE K B0 24 pH B 5510 4.0
22 EHHREEK pH FUEE MO0 B, FEERREG R, SEERILT-

N RIFER XKG6 Mol E KA, 7 RIEWARK . W 3B A, Hibdb A Kk g
ANFIH pH FIELEE 258 T 0 b A 5%, kil 20 °C, HIEEMRT 15 °Ci, WARAE KBV,
SE ODgoo FIWTHAFLL . M 3A AT, Btk HIEERT 40 °CHF, WHJLTFIGRIER LK.
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Ao
a & a a
L = e o= b
1.5 . 3
g 1.0+
3
05
d d
0.0 ] [
40 50 60 70 80 90 100 11.0
pH

3 Bk XKG6 £ KHFRE pH (A)FHIEREE(B)

05}
g
0.0 ER
o 15 20 25 30 35 40 45
Temperature (°C)

ANRING Bk R Ak Bl R) 22 573 I8 2 (P<0.05)

Figure 3 Optimal pH (A) and optimal temperature (B) for the growth of strain XKG6. The different
lowercase letters indicate significant differences among treatments (P<0.05).

2.3 EFk XKG6 FEEEEMENESER

i H A TR AR XKG6 HLAT 558 e A I 25
TG, AERS 2> Lac. LiP Fll MnP, £5 540
Kl 4 JoR 3% 3 PR T 2 B A TG PEAR 2 e b
FHE FE#aH, MnP fil LiP {EE7ESE 8 K
KFEK, 209 826.41 U/L F1 6 229.32 U/L,
Lac {EMEFESS 10 RIKFIH AN 1543.21 U/L. B
L2, Ttk XKG6 i BE Sy i — Lo 2 2 R g
ARG, (HARXS UL TE AL, A5 FPA 1
PEFESR 10 RiBE|H AN 2 602.1 U/L, Xyl i&dE
TES 8 KKK 1889.25 U/L,
2.4 HEk XKG6 PEEBARRESER

J T RFTHE R XKG6 FEARA R ZE BRI,
R XKG6 P 7l 5% fpat B A A
JOT 2 VA 85 5 R ) AR BT 2R A R R, 4
RN 5 FrR, 50 RANERABRA BT 2 W N
222.65 mg/L, L AL BRIBRA BT K W25 R
IR AT, BB A 7484k, i3 K
RIS, 7E55 3 KATikE] 198.67 mg/L,
IR A 5T 28 A R A R R B 10.77%, Z R iR
JOT 2 e R AR A B 2212, 7 d R R

JiT 2R AR 2R 14.04%
25 TFEBRIRERRIES
2.5.1 FTIR SR

3 Ao el L AR 4 21 AP R X AT R AR S
1) 53 F G5 F P BT T o0 A, 5T AR A
Bl GERNE 6 s, Hh 1735 em ' Ab AR
W JE T C=0 M4aPR5h, 1 513 cm™ b Ay fic i 2
KRIRE PR IRAFAE IS, 1164 em ™ A RE S5 £F
AR C-O-C MR A C, WrTRE SRR
IS5 ER L) C-O 4RG>, 1 035 cm
Ab A 595 3R B C-H HiREhAT KT
PRALBES BOATFREGRTZE 1035, 1164, 1513 %
1735 em™ ' 3 JUAR WSO 55 , 156 A A I3 28 v
TITFIR, ISR, RBTRZ5HZ FIRIR
2.52 XRD SR

PrFRESL AL B ET S ) XRD 4 ani& 7 fr
7 o (002) 5 THT (20=22.2°) (1) I 5, B A (e 235 T 2T 4
£, MEE AR B A 20=18°4b, 45t
TR, TP B RR AL BT I 45 5 57.92%,
AN B 25 SN 63.24%, XRD 4 K126, 47
Tl TR AR XKG6 AP 5 45 S EE RGN T 5.32%,
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B4 B XKG6 iBiF 5B 12 d AAVEEEE L
Figure 4 Changes in enzyme activity within 12 days of liquid fermentation of strain XKG6.

5 WARREZZEN XKG6 ALEEEBERAMFTEEBMEL
Figure 5 Changes in the degradation rate (A) and content (B) of alkaline lignin after treatment by the strain
XKG6.
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-~ CK
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6 MFHEBAEMNEEHTHRIIILIER
CK: AbFHAET; XKG6: b5
Figure 6 Fourier transform infrared spectroscopy

graphs before and after bamboo degradation. CK:
Before treatment; XKG6: After treatment.

---CK
’l,v,“ — XKG6
,/I \
= Hr‘""\\m‘f’ '.\
10 20 30 40 50
20(°)
7 M FEMERIGH XRD B CK. A HHAT;

XKG6: AbHEfE

Figure 7 XRD patterns before and after bamboo
degradation. CK: Before treatment; XKG6: After
treatment.

2.53 SEM &R

YA BRI 9 SEM 25 el 8 s, Al
VA ARALBRE TR, ait S s,
REFIBIR . HLZ T, ALHUS B RER 24T 1
RMABTFHLES . AF3H, RS Z A0/ 2

¥y, FEPEE T2 HUNEILIR, AT T A B
T EIRIA

3 WREER

My v ) 27 2 28R Al R Y AR ) R
b, BERT DU T 4R AR R DA A R e e
REUR, (HAI AT £F 48 2 A FT 42 2 8 7T R HhBR
RHZEERMARITER . ARBTR G E et LI
R, AT FEMECE, RIREK Sa4ERY
HHEINES, BT T4 Z A A SR
PRIXEE o 308 3 ok A 00 e e AR B 3 — & BRI
P HAT R SR AL B 7 9 SR, H AT
REEPESFRERF AL EE, fl k2 A 777
MR BB FAR DR E o ABIETE AT A e
16— BRI R B AR RE D5 , 2F 2 25 A e T 55
AN XKG6, a7 73 i B bk XKG6
R . HATE &k IAa 2R A FERE
IR ATRZ . BN, SCIRMAE S A LR RS
ME LA BRBERIE H W e 10 BREAR
J5t K B BE 1 /)48 AT 1 (Ochrobactrum) , — 2
AT I, W0 R UE B ZF A AT I (Bacillus
amyloliquefaciens) SL-7%" | &5 fili ZF il #F #
(Bacillus flexus) RMWW TIPS A Jifi 2 2 A AT
T (Bacillus ligniniphilus) L13", 4 4% 35 HA [
fEARTRRMBE S . HAh, WF5E & BRI R
(Pseudomonas) FI LA 43 i 48, 1k i K fif 3R & 4
AR E DRI ME P75 HFRAG Y, o]
R AR 0T 2R i 1 S S AR )

AR 1 A 32 B — R AR VE AT,
U Lac. LiP A1 MnP*2 33 S i (1) £ FA ML il J2:
KorF 5/ FHEAT RO, ARG T8 s 1 P
AR SRR SRR R . e, KRB
REH P kA . B, Lac J&—Fh
AALEE, EATEIL AR R BB R AL, R
RN FREE E L, LiP A1 MnP #0252k 11

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



XE F | —HRTARERFERRE A0 75 K P AR R

2179

8 MFIEMATEH SEM

A: T FAFRET. B-D: 7 403 60 d J5

Figure 8 SEM diagram before and after bamboo degradation. A: Before bamboo treatment. B, C and D:

After 60 days of bamboo treatment.
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